Civil traffic monitoring using spaceborne and airborne Synthetic Aperture Radar (SAR) has been the subject of many recent publications. The main goal is to provide coverage of large areas of terrain independently of the weather conditions. Civil traffic data is required in many applications such as logistics or transportation research.
Several strategies for Moving Target Indication (MTI) and for moving target velocity estimation have been proposed recently such as [1] - [6] . However, none of the proposed methodologies has the capability to remove the contribution from targets moving in unwanted directions, being blind in this respect. This discrimination capability may be very important in civil traffic monitoring since the roads of interest, with known angles, typically have many roads nearby with different directions. These nearby roads may carry traffic which, otherwise, will act as clutter and may corrupt the estimation of the traffic parameters for the roads of interest.
Herein we propose a novel algorithm to MTI which is direction selective (DMTI). The proposed algorithm is an elaborated version of a methodology proposed in [4, Ch. 6], which is not direction selective. Preliminary results indicate that the resulting algorithm is highly selective, having the capability to detect and estimate the velocity of targets traveling in a certain predefined direction, reducing the contribution from undesired moving objects in the target region. The algorithm may, therefore, be of big interest for civil traffic monitoring using single channel SAR data.
II. THEORY
Let us consider the scenario presented in Fig. 1 where, for the sake of simplicity, a single moving target is present. The moving target has coordinates (x m ,y m ) when the platform is at position u=0, and velocity (v r ,v a )=(μV, bV) defined in the slant-plane (x,y). The platform velocity is V and (μ,,b) is the target relative velocity with respect to the radar. The echoed signal in the fast-time frequency domain ω and slow-time spatial domain u is, after pulse compression, given by [2] , [4] ( ) ( ) ( ) ( ) u kr j m e u a P u s 2 2 , , . (2) In the slow-time frequency domain, k u , the linear term of (2) is responsible for a Doppler shift. The quadratic term of (2) is responsible for a Doppler spread.
In [4, Ch. 6] a moving target indicator is presented which takes advantage of the dependency of the Doppler spread with the target velocity magnitude. The main goal is to estimate a term which compensates the quadratic phase component of (2) . The search is done for the value of α which maximizes the energy concentration in the slow-time frequency domain. Although the methodology is able to detect moving targets and to estimate their α, which is related to the target velocity magnitude, it does not have the capability to discriminate between targets with different directions.
Herein a modification to the aforementioned technique is proposed to enable the detection and velocity estimation of targets traveling only in a certain direction of interest. The main idea is to use, besides the phase in (2), the information related to the antenna pattern in the echoed signal, since it is also dependent of the moving target velocity parameters. This dependency is herein shown to be related to the target direction. The resulting MTI scheme is able to privilege the indication for targets that move in the direction of interest. This is a very important goal in civil traffic monitoring since the roads of interest have, a priori, a known angle with respect to the SAR navigation direction. The traffic in the roads nearby, with different directions, is filtered out.
III. DIRECTIONAL MTI
It was shown in the previous section that the compensation of the Doppler spread in (2) enables the detection of a moving target and the estimation of a quantity α which is related to the target velocity magnitude. However, this compensation does not contain information about the target direction.
We will now use the term related to the antenna pattern in the echoed signal to privilege the detection of targets moving on a certain direction. In [2] it is shown that the amplitude modulation term due to the antenna pattern is
where A(ω,k u ) is the 2D Fourier transform of the amplitude modulation term due to the antenna pattern a, and g is related to the 2D Fourier transform of the electric field at the antenna aperture. As can be seen, the antenna pattern is shifted and scaled by a quantity which is related to the range velocity and cross-range velocity, respectively. Both terms can be related with the target direction as will be shown next. Therefore, this information can be used to tune the MTI algorithm developed in [4, Ch. 6] making it sensitive only to a certain direction. 
and the quantity related to the cross-range velocity is
Parameter α is therefore computed by
B. Directional MTI Let us now consider the compensation of the Doppler spread in (2) . The filtering of unwanted targets and of static ground echoes will be done by using the antenna pattern term presented in (3) with the corresponding parameters computed by (4), (5) and (6) for the direction of interest θ.
We will compensate the Doppler spread in (2) and, as novelty, use the antenna pattern to filter out targets moving with different directions. The suggested compensation and filtering can be written as follows, in the slow-time spatial domain:
where For moving targets with parameter vector (v m ,θ m ) ≈(v',θ'), the Fourier transform of (7) with respect to slow-time u, will exhibit peaks, since the energy spread will be compensated and the signal is not filtered out by the term due to the antenna pattern. Therefore, the detection and estimation of moving targets with direction θ can be accomplished, in the slow-time frequency domain, by searching the absolute maximums of
for a fixed ω and a range of velocities v' of interest.
IV. SIMULATION RESULTS
In this section we present simulation results illustrating the applicability of the proposed methodology for directional moving target indication.
The simulated scene contains six moving targets with the parameters presented in Table I . The signal-to-clutter ratio (SCR) is 20dB. Moving targets 1 to 4 are all moving on the same road. However, targets 1 and 2 move in the opposite direction of targets 3 and 4. To illustrate the DMTI direction sensitivity, Targets 5 and 6 move in a road next to the first, but with a direction difference of 4º. The SAR mission parameters used in the simulation are presented in Table II . respectively. This figure also presents two other potential contributions which correspond to targets 5 and 6 since they have a very small direction difference of 4º. However, their contribution is attenuated and spreaded due to the filtering performed by the antenna pattern in (8). This result illustrates the direction selectivity of the proposed DMTI.
V. CONCLUSIONS
This paper presented a novel methodology for moving target indication using single channel SAR. The distinctive feature of the methodology is its selectivity with respect to a direction of interest, which is herein designated as Directional Moving Target Indication (DMTI). Simulation results illustrating the effectiveness of the developed DMTI were presented. The obtained directional selectivity and the velocity estimation accuracy is enough for many applications of interest. These preliminary results indicate that this novel scheme may be of big interest for civil traffic monitoring using single channel SAR data.
